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(54) A CENTERING MACHINE 



(57) The invention relates to machining metal objects, particularly to centering machines 
for large shafts in flexible automatic systems of production as well as for individual 
production in heavy engineering industry. 

The objective of the invention is to widen machine's capabilities. A centering machine 
comprises adjustable supports arranged on a base and centering heads with work tools 
configured to be positioned, an additional sliding carriage with a sensitive element 
touching the surface of a blank, and a system of microprocessor control. 
The system of microprocessor control comprises a microprocessor configured for selecting 
optimal technological and economic process of machining and correcting by shaping. The 
sensitive element arranged at a rotating part of the carriage moving along the base is a 
displacement sensor with a contact element connected to the sensor shaft with a lever. The 
sensitive element registering geometrical parameters of the blank surface at the same time 
has a function of visual indication of some special points of the blank surface, for example 
the lowest and the highest points. For these purposes it is capable of continuous motion 
and halts at the special points calculated by the microprocessor and initiated by the contact 
element of the sensor. The lever of the contact element is connected to a drive, for example 
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an electromagnet for moving the contact element to the blank surface or removing in to a 
fixed stop, 3 dependent claims, 7 drawings. 

Description of the invention 

The invention relates to machining metal objects, particularly to centering machines for 
large forged shafts in flexible automatic systems of production as well as for individual 
production in heavy engineering industry. 

The objective of the invention is to widen machine capabilities, to provide automation of 
visual indication of blank defect points and to decrease machining working time. 
Technological process of machining can be divided into a few levels. The first level is the 
lowest one identical to a process using known machines. In this variant a blank can be 
centered after being arranged on adjusted supports; in such case centering is defined by the 
geometry of then shaft ends on the supports not taking into account the geometry of the 
other parts of the surface. The second level is higher, it includes possibility of orientation 
of blank center axes in space relative to its surface taking into account the geometry of the 
other parts of the surface. It is achieved due space orientation of the centering heads and 
additional carriage having the sensitive element arranged on the base interconnected in the 
system of microprocessor control configured for selecting an optimal process of further 
machining, and also due to the sensitive element placed on the rotating part of the carriage 
moving along the base and comprising a motion transducer with a contact element 
connected by a lever with its axis and detecting geometrical parameters of the blank. 
The features indicated above provide for real blank surface geometry data accumulating in 
the microprocessor memory and their processing by the microprocessor calculating 
according to a predetermined program such space position of the blank center axis (and 
values of centering heads positioning corresponding to this position) that complies with 
possible uniform distribution of allowance for further machining. 

With the help of the microprocessor control system required positioning and centering are 
achieved. Technological machine's capabilities of the second level are realized 
automatically when the blank has no defects (hogging, depression) that should be repaired 
by leveling or weld deposition and when microprocessor technical and economical 
calculations show that use of above repairs is not justified economically. Processing at the 
second level decreases labour-output ratio of further machining due to optimal distribution 
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of the allowance and cost of repairs. 

The third level comprises developing an automatic machining program by the 
microprocessor for the blank on the basis of its real surface geometry saved in memory 
thereby decreasing labour-output ratio due to cutting the time of "machining air" and 
completely automatic further machining. The third level is used automatically after the 
second level in cases when further machining is on a numerical control machine. 
The fourth level includes preparing journals for support holders to place the blank on the 
machine using adjustable movable supports and continuously moving and rotating part of 
the carriage. 

The fifth level includes visual indication of special (the highest and lowest) points of the 
blank surface. It is provided by the motion transducer which in addition to the features 
mentioned above of being provided with the contact element connected by the lever with 
the shaft also has a function of visual indication of the special points stopping at special 
points calculated by the microprocessor; and the contact element lever is connected to the 
drive through an electromagnet. The fifth level is applied in cases when obtaining a proper 
finished article is not possible without weld deposition and/or leveling and also when it is 
technologically and economically advisable to repair the blank before machining (for even 
distribution of allowance and decreasing machining time). 

In such case the features preceding the fifth level are realized after blank repair. The repair, 
for example, by weld depositing can be done without removing the blank from the 
machine or at some other place. 

Fig. 1 represent the diagram of the claimed machine; 

Fig. 2 shows assembly 1 in Fig. 1 in connection with other elements of the machine of Fig. 

1; 

Fig. 3 shows cross section along line A-A of Fir. 1; 
Fig. 4 is view B in Fig. 3; 

Fig. 5 shows cross section along line B-B of Fir. 1; 

Fig. 6 represents the diagram of allowance distribution of a blank requiring to be repaired 
by weld depositing, 

Fig. 7 represents the diagram of allowance distribution of a blank with hogging requiring 
to be repaired by leveling; 
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The machine comprises a machine stand 1 with central heads 2 and work tools 3. Central 
heads 2 can move along the stand for adjusting the machine for processing blanks of 
different sizes. They are movable along two axes in the plane perpendicular to stand 1. 
Work tools 3 can be quickly advanced and fed for cutting. 

Adjustable supports 4 that can be moved along for mounting a blank are placed on the 
stand. Mounting units 6 serve for fixing the blank. 

Carriage 7 movable in longitudinal direction with rotatable part 8 of a ring shape located in 
an inner cavity of the carriage body is arranged on the stand. Part 8 comprises a sensor 9 of 
angular motion (farther sensor 9 for short). Ring 8 rotation and carriage 7 linear motion are 
interconnected kinematically (not shown in the figures) and can be controlled There is a 
row of evenly distributed openings 10 and one opening 1 1 along the circumference of ring 
8, and in the body of carriage 7 there are light sources 12 with opposite photodetectors 13 
and 14 arranged so that in rotation of ring 8 a light beam from light sources 12 through 
openings 10 and 11 falls on photodetectors 13 and 14. Signals of photodetector 13 are 
used for detecting a rotation angle of ring 8 with sensor 9, and signals of photodetector 14 
(when it is first lit through opening 11) are used for registering the moment of starting 
counting signals of photodetector 13 and controlling carriage 7 motion. 
Sensor 9 body is firmly joined to ring 8. A contact element 15 touching the surface of 
blank 5 and at the same time functionally used for visual indication of special points on 
blank 5 (the highest and the lowest) is connected to sensor 9 shaft through a lever. A 
spring 16 presses element 15 against the blank 5 surface, and an electromagnet 17 returns 
it in the initial position, spring 16 and electromagnet 17 are connected to the lever of 
contact element 1 5. 

The initial position of contact element 15 is defined (limited) by a fixed stop 18 at a 
maximum distance from rotation axis O-O of ring 3; the value of this distance Rmax defines 
the size of work space for accommodating blanks 5 and serves as reference value for 
calculating values of radius R characterizing position of points on blank 5 surface in 
relation to ring 8 axis O-O. 

In the claimed structure linear movements of contact element 15 (initiating turn of sensor 9 
shaft) are transformed in sensor 9 into corresponding electric signals adjusted for reverse 
counting. Sensor 9 can be a displacement sensor based on photoelectric, induction or other 
concept of electric signal generation. 

Sensor 9 output is connected through leads 19 on ring 8 and a current collector 20 attached 
to the carriage 7 to data processing unit 21 providing reverse counting, coding and sending 
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signals received from sensor 9 to the input of a microprocessor 22. Unit 21 is also 
connected to photodetectors 13 and 14. 

The output of a microprocessor 22 is connected to central heads 2 and carriage 7 through a 
control unit 23 for controlling work movements of operating devices including movements 
of centering heads 2. 

For manual control of the movements (when the machine is used under conditions of non- 
automatic production) microprocessor 22 is provided with a display 24 for indicating said 
positioning and output of data required for the fourth and fifth levels of machine 
operations. Microprocessor 22 is configured (programmed) for selecting an optimal 
processing for the next (after centering or before centering if a blank needs to be repaired) 
treatment of the blank. For example* minimum total cost of further treatment may be 
chosen as a criterion of optimizing, the total cost including rough machining cost, repairing 
by weld depositing or leveling and taking into account accompanying transportation cost, 
etc. 

The microprocessor receives data on real geometry of a blank from sensor 9 and unit 21, 
and data of the finished model from the central server of the automatic system or from any 
source of information to be used with the machine independent of an automatic system 
(not shown), and data for calculating parameters of further processing. 

For generating commands unit 23 is also connected to photoreceiver 14 sending the signal 
for carriage 7 to start moving, to end switch 25 sending signal to stop forward movement 
of carriage 7 and rotation of ring 8. 

End switch 25 is connected to microprocessor 22 through unit 23 for generating commands 
to stop recording data from sensor 9 and start the program saved in microprocessor 22. 
For touching blanks with sharp transition from neck to neck the lever connecting contact 
element 15 with sensor 9 shaft consists of two parts connected to each other by a hinge 26 
with spring 27 and end switch 28 connected to control unit 23. Such design allows 
touching blank surfaces at portions with sharp transition from a small to large neck 
diameter in the mode of machine operation described below. 

For operating at the fourth level, rotating ring 8 is capable of receiving measuring tool 
units 29 for machining necks of a blank based on support holders of a lathe for further 
machining the blank. Visual indication of special (the highest and the lowest) points can be 
provided only with the help of contact elements 15 as described above as well as 
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automatically. 

For automatic visual indication of the special points there are one or more markers 
mounted on ring 8, for example, spray guns 30 with electric drive connected to the control 
unit 23. Nozzles 31 of spray guns 30 face blank 5 in radial directions in relation to axis O- 
O. If there are a few spray guns, they are loaded with paints of different colors. For 
operating the machine from the third to fifth levels in addition to the output from 
microprocessor 22 to display 24 it can also be sent to a printing device or a perforator 32 
or to a central server of the automatic system. 

The machine operates as follows. 

At the beginning blank 5 is placed on supports 4 within the working range of contact 
element 15 (inside an imaginary cylinder of radius Rmax) and fixed using mounting units 6. 
Carriage 7 is set in the extreme left position. Contact element 15 is moved by 
electromagnet 17 to stop 18 at distance Rmax from ring 8 rotation axis O-O. The data about 
the geometry of a finished product and data for calculating parameters of further 
processing are loaded in microprocessor 22. 

The machine work process consists of three successive steps: a first step is touching 
(sizing) the surface of the blank and accumulating data of the blank real geometry; a 
second step comprises processing obtained data and selecting optimum variant for 
machining by the microprocessor; a third step comprises realization of the operations 
calculated at the second step. The process of successive implementation of the steps is 
described below. 

When the machine is switched on, electromagnet 17 is switched off, and contact element 
15 is brought in contact with the blank 5 surface by spring 16. At the same time sensor 9 
shaft is turned and signals generated by sensor 9 (corresponding to the displacement of 
contact element 15) pass through leads 19 and current collector 20 to unit 21 where they 
are processed, and ring 8 starts rotating. Contact element 15 is constantly in contact with 
the blank 5 surface due to spring 16 pressure, and depending on its geometry contact 
element 15 turns the shaft of sensor 9. Unit 21 counts received signals reversely so that 
registered algebraic sum of the figures is equivalent to the turn of sensor 9 relative to its 
initial position (when contact element 15 was deflected to stop 18). 
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On a signal from photoreceiver 14 at the moment when for the first time opening 11 and 
light source 12 coincide, simultaneously carriage 7 starts moving along base 1 to the right 
being kinematically connected to ring 8 rotation causing contact element 15 to move on 
the surface of blank 5 along a helical curve. The registration of signals from photoreceiver 
13 occurs each time when it aligns with the light beam direction from the second light 
source 12 through each of the openings 10 in rotating ring 8. 

For each signal from the photoreceiver the algebraic sum of sensor 9 signals registered by 
unit 21 and corresponding to current angle a of sensor 9 shaft turn is sent in encoded form 
to the input of microprocessor 22 forming an array of data consisting of arranged numbers 
wherein each number corresponds to an angle of sensor 9 turn, and serial number of each 
of the numbers corresponds to the position of the point on the blank 5 surface. The position 
of the first point is defined by the initial positions of photoreceiver 14, opening 11, sensor 
9 with contact element 15. Positions of the following points are determined by kinematic 
relation between the speed of carriage 7 linear motion and the speed of ring 8 rotation, i.e., 
by the thread pitch and the pitch angle between openings 10 in ring 8, 
Touching the blank surface by contact element 1 5 moving along the helical curve can be 
continuous. However in case the blank is stepped with steep transition from a smaller to a 
bigger diameter (about 90°), a side force acts on contact element 15 which is bigger than 
the force exerted by the spring and turns the contact element 15 lever around hinge 26 
switching on switch 28 connected to unit 23. On command of unit 23 electromagnet 17 
returns contact element 15 to stop 18; when next signal from photoreceiver 13 (through 
unit 21) is received by unit 23, carriage 7 and ring 8 are stopped, electromagnet 17 is 
switched off, and contact element 1 5 touches the blank 5 surface under the action of spring 
16, sensor 9 shaft turns sending signals to unit 21. After this signal is received, the motion 
of carriage 7 and ring 8 recommences and continues until the side force acts on contact 
element 15 again causing halts as described above. 

Composing the data array and conducting the first step of the work process come to the 
end after contact element 1 5 finishes moving along the whole blank 5 (with predetermined 
discontinuity), and carriage 7 and ring 8 motion halts on the signal from end switch 25. 
The same signal starts calculation by microprocessor 22 and beginning of the second step 
of the machine operation. 

As the trajectory of contact element 15 relative motion from stop 18 to the blank 5 surface 
(an ark with the center on the axis of sensor 9 shaft) deviates from the radial direction to a 
center on axis O-O (Fig. 3), coordinates of special points on the blank 5 surface should be 
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calculated with correction of Acp so that the angle position of any point K is (pk+Acpk where 
cp k is a rotation angle of ring 8 determined, indicated above, by serial number of number 
array saved in the microprocessor 22 memory. 

As it is shown in Fig. 3 polar radius R and correction A <p are in unique dependence on turn 
angle a of the sensor 9 shaft, i.e. R^f(a) andzfp = f(a) (precise mathematical expressions 
for the functions have been obtained but not given to make it simpler). Transformation of 
data saved in microprocessor 22 memory (registered by unit 21 according to signals from 
sensor 9) is their presentation as polar coordinates of the points on the blank 5 surface, i.e. 
position of any point K is represented by a pair of numbers Rk and cpk+Acpk. 
Then microprocessor 22 selects an optimum variant of further treatment of the blank. 
Further machine operations at the second and third steps are described under the 
assumption that it is possible to repair the blank by weld deposits or leveling. If it is 
impossible, all operations are not 
carried out. 

Assuming that the weight of removed allowance is constant, it is possible to consider that 
labor expenditure (cost) of further rough machining is lower when the allowance is evenly 
distributed on the surface of an article. For achieving such result it is sufficient to position 
correspondingly the axis of the processed article inside its volume limited by its real 
surface. 

Using data of the real blank surface geometry and geometry of the finished article, 
microprocessor 22 makes necessary processing according to the program. The calculation 
can be based on the method of iterations when a sequence of positioning the axis of 
finished article is checked, and one of them is selected as corresponding to a minimum 
labor cost of further machining; the geometrical parameters of such positioning are 
recorded Remaining non-uniformity of allowance distribution is characterized, for 
example, by difference between the biggest and the smallest linear values in the highest 
and lowest points of the blank surface. 

Using the methods mentioned above (weld depositing, leveling or a combination of both), 
it is possible to decrease remaining irregularity of allowance distribution. As shown in Fig. 
6 weld deposit in point A and further shifts of the finished article axis in the direction of 
aiTows B may decrease unevenness of allowance distribution along diameter D. The same 
result may be achieved by leveling distorted blank at the highest point H (Fig. 7). 
Following the program, microprocessor 22 calculates economical practicability of 
repairing the blank. There may be two variants of the result. 
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According to the first variant it may happen that the cost of repairing the blank is higher 
than decrease in labor cost saving due to smaller unevenness in the allowance distribution, 
i.e. blank repair is not economical. 

In such case further operation during the second step performed by microprocessor 22 is 
calculation of machining the necks (for fiirther processing). The following issues are taken 
into account. 

As well known, machining of large shaft necks is carried out at low cutting mode mainly 
due to disbalance of the blank in relation to its rotation axis. 

It may happen that the machine is capable of machining necks at higher mode though 
rigidity of such machine is lower that that of a lathe as known to a person skilled in the art. 
The cost of operation may be lower than for a lathe. In such case microprocessor 22 
calculates a number of required cuts, sizes of tool units and other parameters of machining 
and sends them to the display 24. This is the end of the second step of the operation for a 
blank that does not require a repair (repair is not economical). 

At the third step microprocessor 22 generates a program of further machining the blank on 
a programmed numerical control lathe and outputs it with the help of a perforator 32 or on 
any suitable medium, for example on a perforated tape, or sends it to a server of the 
system. At the same time the values of central head 2 displacements are calculated in 
relation to earlier fixed position of the finished article axis in the volume of the blank 
material 

For manual operation these data are displayed. For automatic operation the data are sent to 
the heads 2 through control unit 23. Blank 5 is centered with work tools 3, then heads 2 
return in the initial position when work tools 3 are aligned with the rotation axis O-O of 
ring 8. Then supports 4 are adjusted so that the centers of blank 5 are aligned (manually or 
automatically on commands from microprocessor 22 and unit 23 without removing 
mounting units 6) with the rotation axis O-O of ring 8. Tool units 29 are mounted on ring 
8. Ring 8 rotates and carriage 7 starts moving machining shaft necks under manual or 
automatic control according to the data generated by microprocessor 22 (at the second 
step). 

This ends the third (and the last) step of the machine work operation; blank 5 is removed 
and transferred together with the program to a lathe for further machining. However a 
second variant may be obtained from the calculation of economical advisability of blank 
repairing, when the cost of blank 5 repair is less than the gain due to less labor cost of 
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machining (as a result of more even distribution of allowance). In such case as well as in 
all cases when it is not possible to produce finished article because of insufficient 
allowance corresponding information appears on display 24, and the second step of 
machine work ends. 

In such case at the third step microprocessor 22 calculates the values of required repairs 
and shows the result on display 24 and through control unit 23 moves carriage 7 with ring 
8 for visual indication of blank 5 special places (the lowest and the highest) that require 
repair stopping carriage 7 and ring 8 and releasing contact element 15 to the blank 5 
surface. These places are marked manually. 

Automatic visual indication of the points is made by spray guns 30 switched on by unit 23. 
Paint is sprayed on the blank surface at each of the special points. If a few spray guns are 
loaded with paints of different colors, different points that require different repairs can be 
marked with different colors. 

After repairs the machine operation repeats through all three steps as described above. 
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(54) UEHTPOBAJlbHblH CTAHOK 

(57) H3o6peTeHHe Kacaercs o6pa6oTKH Me- 
Ta^oB pesanneM, b 43cthocth TexHOJiorHHec- 
Koro o6opyAOBaHHH aji* 3aueHTpoBKH cbo- 
6o£HOKOBaHHbix saroroBOK KpynHbix aaiioB b 

Th6K0M aBT0MaTK3Hp0B3 HHOM Jip0H3B0ACTBe, H 
MOJKeT TaiOKe npHMeHHTbCH B HHAHBHAyaJlb- 
HOM fipOH3BOACTBe B Tfl>KeJ10M MaillHHOCTpOe- 

hhh. Uejib M3o6peTeHH« — pacmHpeHHe xex- 
HOJionmecKHx BO3M0>KH0CTeH CTaHKa. UeHTpo- 
BajibHbiii CT3HOK BKJimaeT ycTaHOBJieHHbie Ha 
CTaHHHe peryjiHpyeMbie onopbi h ueHTpoBaJib- 
Hbie 6a6KH c paCoMHMH hhct pyMeHTaM h, bu- 
nOsn.HeHHbie c B03M0>KH0CTb KOopAHHarHbix ne- 
peMeiueHHH* AonojimiTejibHO pa3Mem.eHHbiH Ha 
cTanuHe cynnop-r, cHa6>KeHHbift omynwBaiomHM 

nOB^pXHOCTb 33 fOTOBKH 4y SCTBHTGJlbHblM 3/ie- 



MeHTOM, h cwcTeiviy m HKponpoueccopHoro yn- 
pasjieHHfl. nocJiejiHyifl coAep>KHT MHKponpouec- 
cop, npHcnoco6^eKHbiH jxnn Bbi6opa onTHMaJib- 
Horo no TexHHKO-3KOHQMHMecKHM noKa3aie;iHM 
npouecca nocjieAytoiueft o6pa6oTKH 3aroTOB- 
kh MeTOAaMH o6Ta4HBaHHfl h HcnpaBJieHHfl ny- 
TeM HanpaBKH h npaBKH. My bctbhtcji bHbin 
sjieMeHT, pa3MemeHHbifl na BpamaiomeMCfl 
YMadKe nocTynaTejibHoro nepeMeiuaromeroca 
no daHHHe cynnopra h BbinojiHGH hwh b BHAe 
AatMHKa nepeMeiueHHH, ocHaiueHHoro cBH3aH* 
hum c ero bbjiom nepe3 pbmar KOHTaKT- 
hhm sjieMeHTOM, oAHOBpeMeHHO c ocymecT- 
BJieHHeM perHCTpauHH reoMerpHnecKHx napa- 

MeTpOB nOBepXHOCTH 3arOTOBKH 4>yHKUHOHa.nb- 

ho npeAHa3HaneH jxj\h BH3yaJibHOH hhahk3u,hh 
ocoObix, HanpHMep HaHOOJiee hh3KHX h Bbico- 

KHX, TOHeK nOBepXHOCTK 3arOTOBKH. JIjih bto- 

ro oh HMeeT B03M0>KH0CTb HenpepuBHoro npo 
cTpaHCTBeHHoro nepeMeiueHHH h rxpepbiBHCTO- 

TO ABH>KeHHfl C OCTaHOBKaMH B BWMHCJieH- 
Hbix MHKponpoueccoM H HHAMUHpyeMbfX KOH- 
TaKTHbiM 3/ieMeHTOM AaTMHKa ynoMsmyrbix 
oco6hx TOHKax. Pbmar KOHTaKTHoro 3JieMeH- 
T a B3aHMOCB?!3aH c npHBOAOM, HanpHMep 

3^eKTpOMarHHTOM, AJifl noABOAa KOHTaKTHOrO 

sjieivieHTa k nOBepXHOCTH 3aroTOBKH h OTBoaa 
k wecTKOMy ynopy. 3 3,n. $ -jim, 7 
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H3o6peTeHne othochtch k o6pa6oTKe MeTaji- 
jiob pe3aHHeM, b nacTHocTH k TexHOjiornnec- 
Kowy oCopyaoBaHHio aaa aaueHTpoBKH cbo6oa- 

HOKOBSHHblX 3SF0TOBOK KpyilHbiX BaJlOB B rH6- 
KOM aBTOMaTH^HpOBaHHOM npOH3BOACTBe, H 

Mo>KeT raK>Ke npHMeHflTbca b HHAHBHAyajib- 

HOM npOH3BOACTBe B TH>Ke.nOM MaiUHHOCTpoe- 
HHH. 

Uejib H3o6peTeHHa — pacwnpeHHe TexHO- 

JIOrHUeCKHX B03MO>KHQCTeH CT3 H K3 , aBT0M3TH- 
3aU,Hfl BH3yaJIbHOH HHAHKaUHH AeqSeKTHblX TO- 

4eK 3aroTOBKM m coKpamewHe Tp y AoeM kocth 
nocneAyJomero oSTanHBaHHfl 3arorOBKH. 

TexHO^iorHMecKKe bo3mo>khocth CTaHKa 

M0)KH0 yCJIOBHO pa3AejlHTb Ha HeCKOJlbKO ypOB- 

TlepBbiH — HaH6ojiee hh3KHh yposenb cob- 
na^aeT c bo3mo>khocthmh H3BecTHoro CTaHKa. 

B 3T0M HCnO/IHeHHH 3aTOTOBKa MO>KeT 6btTb 

3aueHTpoBaHa nocjie ycTa hobkh Ha OTpery- 
jinpoBa h Hbie onopbi, KorAa ueHTpHpoBaHHe 3a- 
roroBKH onpeAe^neTCH reoMeTpHen ycTaHaanH- 
saeMbix Ha onopbi kohuob BaJia 6e3 yneTa 
reoMeTpHH ocTajibHbix ynacTKOB ee noBepxnoc- 

TH. 

Bropoft — 6ojiee BbicoKHH ypoaeHb bkjho- 

MaeT B03MO>KHOCTb HpOCTpa HCTBeHHOH OpH6HTa- 
U.HH OCH UeHTpOB 33 TOTOBKH OTHOCHTGJIb- 

mo ee nOBepXHOCTH c yneTOM peajibHOH re- 
OMeTpvtH noBepxHOCTH. 3to o6ecneHHBaeTCn 
6jiaroAapa TOMy, hto BbinojiHeHHbie c bo3mo>k- 
Hoctbib KoopAHHaTHbix nepeMemeHHH ucht- 
poBa^bHbie 6*adKH h AonojiHHTejibHo pa3MemeH- 
HbiH Ha cTaHHHe cynnopT, cHa6>KeHHbiH nyBCT- 

BHTejIbHblM 3JieMeHTOM, B3aHMOCB5l3aHbI C CHC- 

tcmoh MHKponpoueccopHoro ynpasjieHHH, bkjik>- 
Maramefl MHKponpoueccop, npHcnocofi/ieHHbiH 
AJ\n Bbidopa onTHNtajibHoro npouecca nocjieAyio- 
Luefi o6pa6oTKH mctoaom odTanHBaHHH, h 6jia~ 
roAapa TOMy, hto MyBCTBHTejibHbiH 3JieMeHT, 
pa3MeiueHHbiH Ha BpaiuaioiueMCH ynacTKe no- 
CTynarejibHo nepeMemaioiueroc« no ct3hhh6 
cynnopTa h BbinojiHCHHWH b BHAe a3thhk3 
nepeMeiueHHH, ocHaiueHHoro CBH3aHHbiM c ero 
saJioM nepe3 pbmar KOHTaKTHbiM 3*neMeHT0M, 
ocymecTBji^eT perwcTpauHio reoMeTpHHecKHx 
napaMerpoB 3aroTOBKH. HajiKHHe OTMeneHHbix 
npH3HaKOB ofiecne^HBaeT HaKoruieuHe b naM*- 
th MHKponpoueccopa chhm aeMbix c ynowflHyTO- 
ro AarHHKa AaHHbix o peajibHoft reoMeTpnn 
noBepxHOCTH 3arOTOBKH, hx o6pa€>OTKy c noMo- 
mbto MHKponpoueccopa, pacneT no 3aAa hhoh 
nporpaMMe TaKoro npocTpaHCTBeHHoro no^owe 

HHfl OCH UeHTpOB 3arOTOBKH (H COOTBCTCTByiO- 

ihhx STOiviy nojio>KeHHio b&hhhhh KOopAKHaT- 
Hbix nepeMeiueHHH ueHTpoBajibHbix GaSon) , 

KOTOpOe COOTBeTCTByeT B03MO>KH0My Ha- 

nGo^ee paBHOMepHOMy pacnpeAejieHHio npnnyc- 
Ka Ha noc^eAyfomyio o6T04Ky. 

C noMombio cHCTeMbi MHKponpoaeccopHoro 
ynpaBJieHHH npoH3BOAKTCH o6pa6oTKa Tpe6ye- 
Mbix no pacuery koopahh bthux nepeMeiueHHH 
h aaueHTpoBKa 3aroroBKH. TexHOJiorHMecKHe 

B03MO>KHOCTH BTOporO ypOBHfl peaJl H3yK)TCR 

asTOMaTHqecKH b tom cjiynae, KorAa 3aroTOB- 



Ka He HMeeT AeqbeKTOB (Kopo6jieHHH > 3aHH- 
jkchhh) , Tpedyjomnx HcnpaBJieHHSi npaBKoft 
h^h HanyiaBKoii, a TaK>Ke rorAa, KorAa bw- 

nOJlHeHHWH MHKpOTipOli,eC<:OpOM TeXHHKO-3KOHO- 

5 mh^ckhh pacneT noKaweT, hto npKMeneHHe 
yKa3aHHbix HcnpaBJieHHft ne onpasAano no sko- 

HOMHHeCKHM COo6pa>KeHHy[M. B03MO>KHOCTH BTO- 

poro ypoBHH no3BOJiHioT coKpaTHTb TpyAoeM- 
KocTb nocjieAyiomen oStomkh 3a cneT onrHMajib- 
Horo pacnpeAejreHHH npHnycna; HCKJiiOHHTb 

10 3aTpaTbi Ha HcnpaB^ieHne. 

TpeTHH ypOBeHb BK^iovaeT pa3pa6oTKy npo* 
rpaMMbi aBTOMaTH3HpoBaHHoft o6tohkh 3aro- 
tobkh t m BbinoAHHeMyio m HKponpou,eccopoM, no 
Aa HHbiM o peajibHOH reovieTpHH noBepxHOCTH 

15 3a totobkh, coAep3«anj.eHCH b ero naMHTH/ 

4TO H03B0^IJ!eT COKpaTHTb TpyAOeMKOCTb o6toh- 

kh 3a cner yM eHbineHKfl BpeMenw ^ToneHHH 
B03Ayxa» h noflHocThK) aBT0MaTH3HpOBarb npo- 
uecc nocJieAyiomeft o6pa6oTKH 3arOTOBKH. 
Bo3MO>KHOCTb TpeTbero ypoBHJi peajiH3yeTca 

20 3BTOM aTHHeCKH IlOC^e pea.TH3aUHH BO3M0>KHOC- 

Teii BToporo ypoBHH b rex cjiynaax, KorAa 
AajjbHeHiuaH o6pa6oTKa 3.aroTOBKH njiaHHpyer- 
ch Ha cTaHKax c hhciobum nporpaMMHbiM 
ynpaBJieHHeM. 

MeTBepTbifi ypOBCHb BKjiraMaeT bo3mo>k- 
25 HocTb noAroTOBKH ineeK 110A JifOHerw ajis yc- 

TaHOBKH 3arOT0BKH Ha TOKapHblH CTaHOK, 

hto o6ecneMHBaeTCH fijiarOAapn pery^wpoBOM- 
HO-noABH>KHb!M onopaM h ;Ha6>KeHHOMy Henpe- 
pbiBHbiM nepeivieiueHHeM B]>aaiajomeMycH ynacT- 
K Y cynnopTa : 

riflTblH ypOBeHb BKJllOHaeT BO3M0>KH0CTb 
BK3yajlbHOH HHAHKaUHH OC06bIX ( HaHBbIC UJ HX H 
H3HHH3UJHX ) TOHeK JTOBepXHOCTH 33rOTOBKH. 

YKasaHHafl B03MO»<HocTb 3fiecneHKBaeTC?r 6jra- 
roAapa TOMy, hto b com 2T3hhh c panee or- 
MeneHHbiMH npH3H a ksmh AaTHHK nepeMeiueHHH, 
ocHauieHHbiH cBH3aHHbiM c ero BajioM uepe3 

pblHar KOHTaKTHbiM 3JieM6HT0M, OAHOBpeMeHHO 

4>yHKU«oHajibHO npeAHa3HaneH jinn BH3yajib- 

HOH HHAHKaUHH OC06blX 1 OHeK, CHa6jKCH B03- 
MO>KHOCTblO OCT3HOBKH B ItblHHCJteHHblX MHKpO- 

40 npoueccopoM oco6wx TOMKax, h pwnar koh- 
TaKTHoro 3JieMeHTa B3 3HMOCBH3a h c n pH boaom 

B BHAe 3JTeKTpOMarH HT3. B03MO>KHOCTH nflTO- 

ro ypOBiifl pcaj]H3yiOTCH u Tex cjiynanx, 
KorAa BbixoA rOAiiofl jxeTiuin HeB03Momen 6e3 
HcnpaBJieHHH 3aroroBKH nyTeM HanjiaaKH 

45 h(hjih) npaBKH, a Ta k>kc ecjiH no TexuHKo- 
3K0H0MHHecKHM coo6pa)KeHHflM uejiecoo6pa3HO 
(a^ih paBHOMepHoro pacnpeAe^ieHHa npHnycna 
h coKpameHHH TpyAoeMKccTH oStohkh) nepeu 
oGtohkoh ocyu^ecTBJiHTb HcnpaBJieHHe 3aro- 
tobkh. B nocneAHeM c^ynae bo3mo>khocth, 
npeAiuecTByiouiHe nflTOMy ypoBHio, peaAH3y- 
hdtch noc/ie KCTipaBJiemm 3aroTOBKH; npw 
3tom HcnpaBjieKHe 3aiOT0BKH, HanpHMep 
Han.aaBKOH, Mo«<eT npoH3^0AHTbCH 6e3 c^eMa 
ACTajiH co CTaHKa hjih ira ApyroM paConeM 

55 MecTe. 

Ha (Jiht. 1 npeACTas?ieHa npHHUKnua^b- 
Haji cxeMa npeA^araeworo CTaHKa; Ha c|)Hr. 2 — 
y3eA 1 Ha cfwr. 1 bo e 33hmocbh3h c 3Jie- 
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NieHraMH CTaHKa na $Kr. 1; Ha 4>nr. 3 — paa- 
pe3 A— A Ha $ur. 1; Ha $nr. 4 — bka B Ha 
(bur. 3; Ha <}>Hr\ 5 — paspes B— B Ha $ht. I; 
na $nr. 6 — cxeiua pacnpeAeAeHHfl npwnyc- 
xa Ha saroroBKe, TpeGysotuea HcnpaBAeHHH 
nyreM Han^iaBKH; Ha tip™. 7 — cxeMa pac- 
npeAejieHHH npHnycna Ha KopoSjieHofi 3aro- 
TOBKe, TpeSyjouieH HcnpaBJieHH* nyTew npaBKH. 

C-raHOK BKJiioqaeT craHHHy 1 c ueHTpajib- 
HblM H 6a6KaMH 2 H pafiOHHMH HHCTpyMen- 
raMH 3- UeHTpajibHbie 6a6KH 2 MOryT ne- 

pCMeiUaTbCfl BAOJlb CTEHHHbl JXJIH HSCTpOHKH 

Ha o6pa6oTKy pa3AKMHbix no ajthhc 3arora- 

BDK H CHa6>KeHbl B03MO>KHOCTbK> KOOpAHHaT- 

Hbix nepeMemeHHH no ABy m oc*m b njioc- 

KOCTH, nepneHAHKy/lSipHOft K OCH CTaHHHbl. I. 
Pa60MHe HHCTpyMeHTbl 3 HM6K>T B03MO>KHOCTb 

6biCTporo noABOAa h pa6oqeH noAaMH. 

Ha cTaHHHe 1 pa3MemeHbi nacTpoeMHO- 
nepeMetuaeMbie no ee AAHHe peryjiwpyeMbie ono- 
pbi 4, npeAHa3HaqeHHbie aah yciaHOBKH o6- 
pa6aTbiBaeMOH 3 aroTOBKH 5; aah 3aKpenjieHHH 
3a potobkh 5 npeAycMOTpeHbi 6aokh 6 Kpenjie- 

HH#. 

Ha craHHHe I ycTaHOBJien c bo3mo>khoc- 
TbK> npoAOJibHoro nepeMeiueHHH cynnopT 7 c 
pa3MemeHHbtM b KOAbueo6pa3HOH BHyTpeHHeft 
noAOcrn ero Kopnyca BpaiuaioiUHMCH ynacT- 
kom b BH^e KOJibua 8, Hecyiuero cBH3aHHbiH 

C HUM My BCTBHTGJ1 bHblH 3JieMeHT, BK/UOMaiOLUHH 

iiaTMHK 9 yrjiosbtx nepeMeweHHH (AaJiee aaa 
KpaTKOCTH HMeHyeMbiH AaT4HK 9). Bpaiuarejib^ 
Hoe ABH>KeHHe Ko/ibua 8 h nocTynaTejibHoe 
nepeMemeHHe cynnopra 7 HaxoAHTca b khh6- 
MaTHMecKOH B3aHMOCB$i3H (He noKa3ana) , ko- 
Topaa MOJKeT Bbino:i,HHTbCH peryjinpyetvtoH. 

no nepH<t>epHH KOAbua 8 pa3MemeH p*A 
paBHOMepno pacnoAO^enHbix no oKpy>KHocxH 

OTBepCTHH 10 H OAHO OTBepCTHe 11, 3 B KOp- 

nyce cynnopTa 7 ycTaHOBJieHbi hctomhhkh 12 
cseTa h onno3HTHO K hhm — qbOTonpneM- 

HHKH 13 H 14 T3K, MTO npH BpaiiL6H HH 

KOJibua 8 cseT ot hctomhhkob 12 CBera Mepe3 

OT&epCTHfl 10 H 11 MOJK6T HOnaAaTb H3 C|)OTO- 

npHCMHHKti 13 h 14; cHraajibi or cj)OTQnpH- 
eMHHKa 13 npeAHa3Hp4eHbi" ajih OTCMeTa yr- 
.noa noBopoTa KOAbua 8 c AarMHKOM 9, a 
ot ^OTOnpneMHHKa 14 (npw ero nepaOM oc- 
BemeHHH Mepe3 OTBepcrHe U) — A^a perncr- 

paUKH MOM6HT3 H3MaJia 0TCM6TOB CHfHaAOB C 

4)OTonpHeMHHKa 13 h ynpaBJienwH abh>kchh51 
cyanopta 7. 



Kopnyc AaTMHKa 9 >kcctko CBfl3aH c KOAb- 
uom 8. C sajiOM AamHKa 9 qepea pbmar 
cKpenjiew KOHTaKTHbifi 3/ieMCHT 15, omynbi&aio- 
iuhh noBepxHOCTb aarOTOBKH 5 h oAHOBpe- 
mchho 4)yHKanoHajibHO npeAHa3HaMeHHbin a^h 

BH3y ajl bHOH HHAHKaUHH OC06hlX TOMSK 3aFOTOB- 
KH 5 ( H aHBbtCLLTHX H H3HH H3WHX) . HpH- 

>KHMa KOHTa kthopo 3JieMeHTa 15 k noBepx- 
hocth 3a totobkh 5 npeAycwoTpeHa npy^nna 
16, A*nfl OTBOAa a ncxoAHoe noj:o>KeHHe — 
3JieKrpoMarHHT 17, cBHsaHHwe c pbmaroM koh- 
TaKTHoro sjieMenTa 15. 



HcxoAHoe no.no>KeHHe KOHTaKTHoro 3;ic- 
MeHTa 15 onpeae;ifleTCH (orpaHHMeHHO) wecT- 
khm ynopoM IS m cootBeTCTByeT ero Mai<- 
CHMaJibHOMy yAa.neHHio ot och BpaiueHiifl 
O— O KOJibua 3; eejiHMHHa 3Toro VAajienHn, 
paBHaa /?m3kc, onpeAe.nfleT ra6apnTbi HCHOJib3y- 
eMoro Ajih ycTaHOBKH 3aroTOBOK 5 paGonero 
npocTpaHCTBa h flB-naercfl hcxoahoh ajh pac- 
qeTa xeKyiiLHX qbaKTHMecKHx 3HaneHHH ae^H- 
hhh R paAHycoB, xapaKTepH3yK>iuHX no.ao^<e- 
10 HHe ToneK noBepxnocTH aaroTOBOK 5 othoch- 
rejibHO och BpameHHH O — O KO-ibua 8. 

B npeAJiaraeiviOH KOHCTpyKUHH viHueftHbie 
nepeMemeKHH KOHTaKTHoro 3JieMeHTa 15 (Bbi3bi- 
BaiomHe noBOpOT Bajia AaTMHKa 9), a AaT- 
HHKe 9 npeo6pa3yiOTCfi b 3KBHBa^eHTHbie 3,ieKT- 
t5 pHMecKHe cHrHajibi. npHcnocoG^eHHbie a«th hx p^- 
BepcHBHoro cMeTa. B KanecTBe abtmhk3 9 mo- 
>KeT 6biTb npHMenena KOHCTpy kuh a AaxMHwa 
nepeMemeHHH, ocHOBaHHaw, HanpHMep, Ha qboTO- 

3J1 eKT p HMeCKO M » HHAyKTHBHOM H AP- (IpHHUH- 

20 nax reHepwpoBaHHa BJieKTpHMecKHX curHa- 

A OB. 

BblXOA A3T4HK3 9 3JlCKTpHH<?CKM COeAHHeU 

c pa3MeuxeHHbiMH b KO-ibue 8 TOKonpoBOAa- 
wh 19 h Mepe3 cKpen.ieHHbiH c cVnnopTOM 7 

TOKOnpHeMHHK 20 nOCTOflHHO CBfl33H C 6.10KOM 

25 21 noAroTOBKH AaHHbix, o6ecneM HBa ioiuhm pe- 
BepcHBHbifi cmct, KOAHpoBaHHe h nepeAaHy 
CHrHaAOB, cHHMaetviwx c AaTMHKa 9, na BXOA 
MHKponpoueccopa 22. Baok 21 CB*3an TaK>Ke 

C (})OTOnpHeMHHKaMH 13 H 14, 

Bhxoa MHKponpoueccopa 22 coeAHnen c 
30 ueHTposaJibHbiMH 6a6KaMH 2 h cynnopTOM 7 
Mepe3 6jiok 23 ynpaB.ieHHH, apeAHa3HaHeHHbiu 
AJ\n ynpaBJieHHH pa6oMHMH ABH>KeHHSMH H3 hc- 

FKUHHTeAbHblX OpraHOB, B TOM MHCJie KOOpAH- 

HaTHbiMH nepeMemeHHHMH ueHTpoBa.ibHWX 6a- 
6ok 2. 

35 A-t^ pyMHoro ynpaBJieHHH 3thmh ABH>Ke- 
hhamh (b cnyqae Hcnojib30BaHHH craHKa b 

yCJIOBHflX HeaBTOMaTH3HpOBaHHOrO npOH3BOA> 

cTBa) MHKponpoueccop 22 CHa6>KeH AHcnJieeM 
24, npeAHa3HaqeHHbiM aji?i HHAHKauHH bgj\ hhhii 
40 ynoMHHyTbix KOopAHH hthwx nepevieiueHHH, a 
raK>Ke ajih BbiBOAa AaHHbix, Heo6xoAHMbix 
AJifl pea-iH3auHH MeTBeproro h n«Toro ypaB- 

HCHHH B03MO>KHOCTeH CTBHKa. MHKpOnpOUeC- 

cop 22 npucnocoGjieH (cna6>KeH uporpaMMofl) 
AJifl Bbi6opa onTHMajibHoro npouecca noc.ne- 
45 AyromeB (nocie 3a ueHTpoBKH kjih ao 3a- 
ueHTpoBKH, ecjiH 3aroroBKa Hy>K AaeTCH b npeA- 
BapHteAbHOM HcnpaBAeHHH) o6pa6oTKH 3aro- 

TOBKH. B Ka^eCTBe KpHTepHH OnTHM V13aii,HH 

npHHHTa, HanpHMep, MHHHMaAbHan cyMMapHan 

Ce6eCTOHMOCTb Oapa60TKH 3arOTOBKH, BKIIOMaiO- 

50 man 3aTpaTbi na nepHOBoe o6t3HH saHHe, B03- 
MO>«Hoe Hcnpas,ieHHe Ha n a3bkoh hah npaB- 
koh c yneTOM cBH3aHHbix c nocAeAHHM rpanc- 
nopTHbix pacxoaoB w t. n, 

B KanecTBe HcxoAHbix MHKponpoueccop hc- 
noAbayeT BBOAMMbie b Hero AaHHbie o pe- 
55 aAbHoft reoMeTpHH 3 a totobkh — ot AaT- 
MHKa 9 h 6aok3 21, h AaHHbie o reoweTpHH 
totoboh AeTaAH — ot ueHTpajibHOH UBM 
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HBT0M£iTIi3HpOBa HHOTO KOMHJieKCa HJ1H C 

:no6oro noAxoAflmero Hocmejia hh- 
(J>opMauHH npM paGore npejmaraeMoro craHKa 

BKe B33HMOCB513H C 3 BTOM 3TH3H pOB3HHblM KOM- 

njieKcoM (He noKa3aHbi) r a TaK>Ke AaHHbie a^h 
pacuera napaNieTpoB noaneAyioiueH o6pa6oTKH 

3arOTO!5KH. 

JXjm Bbtpa6oxKH ynpaB^fliouj.HX KoiuaHA 

6J10K 23 AOUOJIHHTeJIbKO CBA33H C (J)OTOnpH- 

eMHHKOM 14, noAarouiHM cvirnaji Ha Ha^ajio 
nocTynarejibHoro nepeMemeHHH cynnopTa 7, h 
c KOHeMHbiM BbiKJiioqaTeJieM 25, BbipadaTbisaio- 
iuhm CHrnaA Ha ocrrauoBKy nocTynaTejibHoro 
nepeMemeHH^ cynnopra 7 h BpamaxejibHoro 

ABH>KeHHR KOJIbU.3 8. 

CBH3b KOHe4HOrO BblKJIKJHaTejlH 25 C MHK- 

ponpoaeccopoM 22 nepe3 6j\ok 23 npeAycMor- 
peua ajih BbipadoTKM KOMaHAbi na OKOima- 

HH6 3ariHCH AaHHblX, CHHMaeMblX C AaTMHKa 9, 
H HaMSAO BblHOJl M6HHH 3aJ10>KeHH0H B MHKpO- 

npoueccop 22 nporpaMMW. 

/Lth oLuynbiBaKHH 3aroT0B0K cTynevmaTbix 
ua.nou c KpyTbiM nepexoAOM ot ujchkh k 
iueHK£ pbmar, CBfl3biBajoiuHfi KOHTaKTHbm 3Jie- 
mcht 15 c Ba^ioM /iat4HKa 9, BbinojiHen H3 
AByx MacTeft, coeAHneHHbtx uiapKHpoM 26, 
i(o;nipy>KHtieH n py>KHHOH 27 h cna6>KeH ko- 

HeHHblM BblKJlIOUaTCjieM 28, CBH33H H bl M c 6j\o- 

kom 23 yiipaBJieHHH. 3to ncxiBCxnfler npoH3- 
BOAKTb omyribisaHHe noBepxHOcrefi 3a totobok 
na ynacTKax c KpyxbiM nepexoAOM c Menbine- 
ro na 6o,ibniHH AHawerp llich kh c Hcnojib- 
30BaHHeM pe>KHMa pafioTbi, onucaHHoro b pa3- 

ACJie OjlHCaHHfl padOTbl CT3 HKa . 

J\j]ft pea.nn3auHH bo3m o>khoctch cranna mct- 
Beproro ypoBHfl BpamaiOLueecfl KOJibuo 8 npn- 
eiiGcofxneno iioa pa3MemeHHe na hcm MepHbix 
KHCTpy MBHTajibHbtx Gjiokob 29, npeAHa3Hauen- 
Hbix A^in ocyiuecTBJieHHfl o6tomkh meeK 3a- 
roTotiKH, 6a3HpyiomnxcH Ha jnoHeTbi TOKapiioro 
era una npH nocneAytomefi o6tomk€ 3aroroBKH. 

Ha CTaHKe BH3yajibHafl HHAHKaimn ocoGbix 

(HaHBblCUlHX H HaHHH3UJHX) TOHCK 33 POTOBKH 
MOKeT npOH3BOAHTbCH He TOJlbKO C nOMOLUbK) 

KOHTaKTH bix 3jieMeHToe 15, KaK onHcano Bblllie, 

HO H a BT0M3TH4eCKH . 

J\J\H aBTOMaTHMeCKOH BH3yaJlbHOH HHAHKcl- 
UHK OC06blX TOqeK B KOj]bU,e 8 CMOHTHpOBa- 
Hbl OAHH HJ1H HCCKOJIbKO OTMCT4HKOB, BbinOJt- 

neiiHbix, HaiipHwep, s bhac KpacKony-ibTOB 30 

C 3JieKTpOIipHBOAOM, COeAHHeHHbIM c 6jiokom 23 

yfjpaBJieiiH«, ConAa 31 Kpacxony/ibTOB nanpaB- 
jienbi b cTopony 3aroroBKH 5 b p aAnaji bHOM 
na up a BJieH hh oTHOCKTejibHO och O — O. llpH na- 

J1HMHH HCCKOJlbKHX KpaCKOny-lbTOB OHM 3apfl- 

^eiibi KpacHTCJiHM^ pa3Hbix UBeroB. 

Zlvlfl pea^H3aUHH B03MO>KHOCTeH CTflHKa c 

xpeTbero no u^TbiH yposenb, Kporvie BbiuoAa 
h h (|j o p m a u h m c MHKponpoueccopa 22 na ahc- 

lUieft 24 M O >K GT 6blTb flpeAyCMOTpeH BblBOA 

na nei-iaTaioiuee ycTpovicTBO hjih nep4>opa- 
TOp 32 HJ) H CBH3b c ueHTpajibHOH UBM 
a BT0M3TH3H pOB3HHOrO KOM flvTSKCa. 



PaOoTa.cTaHKa 3aK/noMaeTCH b cjieAyioiueM. 

B hcxoahom noJio^KenwH 3ar0T0BKa 5 yc- 
ranoBJieHa Ha onopu 4 b npeAejiax pa6o- 
^ero npocrpaHCTBa kohts kthofo 3JieMeHra 15 
5 (BHyTpH BOo6pa>KaeMoro ukjih HApa c paAHy- 
com ^m3kc) h 3aKpenj]eHa c noMOiubjo 6ao- 
kob 6 KpenjieHMH. CynnopT 7 ycTaHOBjien b 
KpaHHee jxeBoe no/iOKeHKe. KoHTaKTHbiH s^e- 

MeHT 15 OTBeACH C riOMClUbK> SJICKTpOMarHH- 

Ta 17 k ynopy 18 Ha paccTOHHwe R*a*c ot 
10 och O— O BpameHHB Ko^bua 8. B MHKponpo- 
ueccop 22 BBeAeHbi AaHHbie o jeoMeipHH ra- 
toboh AeTajiH, HcxoAHbie AaHHbie Aflfl pacMeTa 
napaMerpoB nocjieAyiouxefi o6pa6oTKH h npo- 

rpaMMa BblMHdieHHH, 

Pa6oTa era HKa coctoht H3 Tpex nocjie- 
AOBarejibHO BwnoAHHeMbix aranoB: Ha nepBOM 
3Ta*ne npoH3BOA»TCfl omyiibiBaHHe {o6wep) no- 

BepXHOCTH 33FOTOBKH M H aKOHJlfcHHC ABHHblX O 

peaAbHOH reoMeTpnH noBepxHocTH 3aroT0BKH; 
na btopom — MHKponpoLeccop ocyiuecTBJi«eT 
20 npeo6pa30Ba.HHe nojiy^eHHbix AaHHbix, npoH3- 

BOA^T Heo6xOAHMbie BblHHCJieHHH H Bbldop OU- 

THMajibHoro BapnaHTa npouecca o6pa6oTKH; Ha 
TpeTbeM 3Tane ripoH3BOAin"CH peajiH3auHH pe- 
3yjibtaTOB pacMeTa, CAe^aHHoro bo btopom 3Ta- 
ne. Hn>Ke npHBGAeHO oiuicaHHe npouecca no- 
25 cneAOBaTejibiioro BbinojiHeHHyr yKa3aHHbix 3Ta- 
noB. 

flpH BKJIIOMeHHH CTHHKa OTKJllOHaeTCfl 5A6KT- 

pOMarHHT 17 h KOHTaKTH dih 3jieMeHT 15 c no- 

MOlJ-LblO npy>KHHbl 16 BXOAHT B COnpHKOC- 

HoaeHHe c noeepxHocTbW) 3aroTOBKH 5; np« 
3tom oAHOBpeivieHHO HOBapaqHBaeTCJi Baji AaT- 
MHKa 9, a reHepupyeMbie jxarnHKOM 9 cwrHa- 
jibi (aKBHsajienTHbie nejiHMHHe nepeMeiueHHfl 
KOHTaKTHoro ajieMeHTa 15) Mepe3 TOKonpoBOAbi 
19 h TOKonpHeMHMK 20 noCTynaiOT b 6aok 21, 
^ rAe ocymecTBJifleTca hx C4er; eKjuonaeTCH Bpar 

LliGHKe KOJlbUa 8. K0HT;JKTHUH 3J1CM6HT 15, 
HOCTOHHHO HpHWHMaeMWH npy>K HHOH 16 K 

nosepxHocTH 3aroTOBKH 5 npoH3BOAHT ee oiuy- 

[1 bl 33 HHe H B 33BHCHMOCTH OT ee TeOMeTpHH 

HOBopaHHBaeT Ba^i AaT L " hkh 9, a 6jiok 21 

40 IlpOH3BOAHT pCBepCHB Kbl# CMeT CHTHaJlOB TSK, 

'ito perncTpwpyeMafl Sjiokom 21 aAreSpan- 
uecKaa cyMMa MHceji nocTyn hbluhx cwrHajiOB sk- 
BHBaJieHTHa yrjiy noBopcTa Ba^ia AaTMHKa 9 
oTHocHxejibHO ero hcxoah dpo iio/ioweHHH (Kor- 

Aa KOHT3 KTUblH 3JieMCHT 15 6b\J\ OTBeACH K 

45 ynopy 18). 

no CHTHa/iy 4)QTONpneMHHKa 14, cHHMae- 
MOMy b momcht nepBoro COBMeiUeHHfl OTBep- 

CTH51 II C HCTOHHHKOM 12 CBeTa, OAHOBpe- 

mchho BKjiiOMaeTcyi nocTyiiaTevTbHoe nepervieme- 
HHe cynnopra 7 no CTaHMue 1 Bnpaso, kh- 
neMaTHnecKH csfl3aHHoe c BpaiueHHGM KOJTbUa 8> 
mto npHBOAHT k nepeMe meHHK> koht3kthoto 
■MervieHTa 15 no nooepxH dcth 3a totobkh 5 no 
bhhtoboh jihhmh; naHKHaeTca perHCTpauHH ctir- 
najioB ot c^otoh pneM hhki 13 b MOMeHTbi ero 
55 Ka>KAoro coB.viemeHHfl c HanpaB/ieHHeM CBe- 
TOBoro jiyMa ot BToporo HCTO^HHKa 12 CBeTa 
qepe3 Ka>KAoe H3 OTBepcTHH 10 Bpamato-. 
uxerocfl KOJibua 8. 
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Ho KH>KHOMy H3 CHTHaJlOB (j)OTOnpH€MHH- 

Ka 3aperHCTpnpoBaHHaa Sjiokom 21 a.nre6pa- 
HqecKaa cyMMa cnrHajiOB jia-nrnKa 9, 3kbh- 
BaJieHTHan xeKymeMy yrJiy a noBopoxa Bajia 
AaTMHKa 9, a 3aKOAHpOBaHHOM BHAe noAa- 
eTCH Ha bxoa MHKponpoueccopa 22, o6pa3ya 
b ero 3anowHHaiomeM ycxpoflcxBe waccHB 

AaHHblX B BHAe ynOpHAOM6HHOH COBOKyHHOCTH 

^Hceji, me xajKAoe hhcjio cooxBexcxayex yr- 
jiy noBopoxa AaxqHKa 9, a nopflAKOBbiH ho- 
Mep Kaacaoro H3 sxhx qnceA onpeAeJifreT no- 
/io>KeHHe cooTBeTCTByraiueft eivty xohkh riOBepx- 
hocth saroTOBKH 5. HojioKeHHe nepBOH tohkh 
onpeAejineTCJi KOHcxpyxxHBHbiM pa3MemeHHCM 
cjjoTonpneMHHKa 14, oxBepcxHJi 11, AaTMHKa 9 
c KOHTaKTHbiM 3JI6M6HTOM 15; najioweHHe no 
oneAyiomHX xoqeK onpeAejiaexca KHHeMaxttqec- 
kkm cooTHOiueHHeM cKOpocTH nocTynaxejibHoro 
nepeMemeHHJi cynnopxa 7 h Bpamaxe/tbHoro 
abhjkchhh Ko^bua 8, t. e. maroM ynoMHHy- 

XOH BHHTOBOH AHHHH, H yiVlOBbIM UiarOM 
MOKAy OTBepCTHHMH 10 B KOJIbUe 8. 

OiuynbiBanne nosepxHOCTH 3aroTOBKH npH 

ABH>K€HHH KOHTSKTHOrO 3JieMeHXa 15 CIO BHHXO- 

BOH JIHHHH MOJKeT ocymeciBAaxbcn HenpepbiBHo. 
OjiHaKo b c/iyqae cxyneHqaxofi 3aroTOBKH c Kpy- 
TbiM (okojio 90°) nepexoAOM ot Menbiuero 
k 6ojibiueMy AaaMexpy, npH Bcxpeqe c tskhm 
nepexoAOM, Ha KOHxaKXHbiH 3.neMeHx 15 B03- 
AeHCTByet GoKOBaa cHAa, Koxopaa, nepecHJWB 
npy>KHHy 27, nosopaqHBaex pbiqar kohtskt- 
Horo 3jieMeHTa 15 Boxpyr uiapHMpa 26 h, xeM 
caMbiM, BKJiioqaex BbiK-ntoqaxercb 28, cBH3aHHbift 
c 6jiokom 23. no KOMaHAe 6JiOKa 23 3JieKx- 

pOYiarHKT 17 OTBOAMT KOHXaKXHblH SJlCMeHT 15 

ynopy 18; b momchx nocxyn-neHHH b 6jiok 23 
oqepeAHoro cHrHajia ot 4>oxonpHeMHHKa 13 (qe- 
pe3 6jiok 21) ABHJKeHHe cynnopxa 7 h KOJibua 
8 ocTaHaBJiHBaeTCH, sjieKxpoMarHHx 17 BbiK.nK>- 
qaexcfl, KOHxaKXHbiii ajieweHX 15 noA AeftcxBHeM 
npy>KHHb[ 16 Kacaexca noBepxHoexn 3aroxos- 
kh 5, Baji AaTHHKa 9 noaopaqKBaexcn, no- 
cbuian cHntajibi B 6jiok 21. Ilocjie perncx- 
pauHH axoro cHPHa-na ABHJKeHHe cynnopTa 7 h 
KOJibua 8 B03o6HaBJifleTCfl H npdwcxoAHx 6e3 
ocxa hobkh ao xex nop, noKa Ha kohxbkx- 
HblH 3^eMeHT 15 BHOBb He B03AeftcxByeT 60- 
kobhh CHJia, qxo npHBeAex k nepexoAy «a pe- 

>KHM ABH>KeHHH C OCXaHOBKaMH", KaK 3XO OHH- 

caHO Bbiuje. 

OopMHpOBaHHe MaccHBa AaHKbix h Bbinoji- 
HeHHe nepsoxo sxana patfoxbi cxaHKa 3aKaH- 
MHBaexcH nocne o6xoAa KOHxaKXHbiM ajieMeH- 
xom 15 Bceft noBepxHOcxw 3aroxoBKK 5 (c 

3aAaHHOH AKCKp^XHOCXbK>) H OCX3HOBKH ABH>K6- 

hhh cynnopxa 7 h nojibua 8 no cHmajiy, 
cHHMaeMOMy c kohcmhoto Bbituiioqaxejifl 25; 
no xoMy >ne cHTHajiy MHKponpoueccop 22 Ha- 
qHHaex BbinojiHeHHe nporpaMMbi BbiMHCJieHHH — 
Ha^KHaeTCH Bxopon 3xan pa6oxbi cxaHKa. 

B CB533H C XeM, MXO xpaeKTOpHfl OTHO- 

cHxe^bHoro nepeMeiueHHH KOHxaKXHoro 3^eMeH- 
xa 15 ot ynopa 18 k noeepxHOCTH 3aroxos- 
km 5 (Ayra 0Kpy>KH0cxH c ueHxpoM Ha och 
BaJia AaxHHKa 9) oxKJioH^excH ox paAHajib- 



Horo HanpaBJieHHH k ueHxpy Ha och O— O 
(4>Hr. 3), KOopAKHaxbt xomck noBepxnocxH 3a- 
toxobkh 5 aoji>khw paccMHXbiBaxbCH c yqexoM 
nonpaBKH na yroji, paBHbifl BejiHHHHe Aq>, xaK, 
hxo yr^OBoe noAo>KeHHe jik>6oh xoqKH K paBHO 
<|) 4 +A(p^ rAe cpjk — yroJi noBopoxa KOJibua 8, 
onpeAejuieMbift, KaK yK33aHO Bbiuie, nop«AKO- 

BblM HOMepOM MHCJia B COBOKynHOCXH AaHHblX, 

3aHeceHHbix b nairfflXb MHKponpoueccopa 22. 
KaK bhaho H3 cpHr. 3, noJiapHbifl paAHyc 
10 # H nonpaBKa A if HaxoA«xcn b oAK03Han- 
hoh 33BHCHMOCXH ox yrjia a noBopoxa Bajia 
AaxMHKa 9, x. /?=f(a) h A«p=/(a)(AHfl ^thx 
(J)yHKUnA noJiyqeHbi xo^Hbie MaxeMaxHnecKHe bw- 
pa>KeHHfl, Koxopwe a^R ynpomeHHS He npHBO* 

AflTCK), 

15 Ilpeo6pa30BaHHe sanHcaHHbix b naMHXH 
MHKponpoueccopa 22 AaHHbix (3aperHcxpHpo- 
saHHbix Sjiokom 21 no cnrHajiaM AaxnHKa 9) 
3aKJiroqaeTCH b hx npeAcxasjieHHH b BHAe 
nojiwpHbix KOOpAHHax xoqeK noBepxHoexn 3aro- 

20 xobkh 5, x, e. nojio>KeHHe jiio6oh tomkh K 
onncbiBaexcsi napofl hhccji Rk h q3*+A<p fc . 

3axeM MHKponpoueccop 22 npoH3BOAHX 
BbiGop onTHMajibHoro Bapwanxa nocneAysoLuefi 
oGpa6oxKH 3aroxoBKH . AaJibHefiujan pa6oxa 
cxaHKa no Bbino^i hchhkd Bxoporo h xpexbero 

25 3xanos onncaHa, hcxoah H3 npeAJio>KeHHa, 

MTO no xeXHHMeCKHM yCJIOBHHM H3rOXOBJieHHH 

Bajia AonycKaeTCfl HcnpaBJieHHe 3aroTOBKH Me- 
xoAawH Hanjia bkh h npaBKH; npn hx He 
AOnycxHMocxH Bee onepauHH, CBfl3aHHbie c hx 
ocymecxBJieHKeM, He BwnojiHynoxcn. 
30 nojiaraa nocxoflHHOH Maccy CHHMaeMoro c 
3aroxOBKH npnnycKa, mo>kho cqnxavb, qxo xpy- 
AoeMKocxb (ce6ecxoHMOCXb) noc^eAyromefi qep- 
hoboh odxoqKH Bajia xeM HHJKe, qeM paBHO- 
MepHee pacnpeAe^eH npnnycK no noBepxHoexn 
roxoBOH Aexa^H. fljin aocx h >kch h h xaKoro pe- 
3yjibxaxa AOcxaxoqHO cobxBeTcxByiomHM o6pa- 
30M pacnojio>KHXb ocb roxoBOH AexaAH BHyxpH 
o6i>eMa 3aroxoBKH, orpaHHMeHHoro ee pea^b- 
hoh nosepxHocxbio. 

Pacnojiarafl AaHHHMH o peajibHofl reoMeT- 
40 phh noBepxHoexn 3aroxoBKH h reoiwexpHH ro- 
xoboh AexaJiH, MHKponpoueccop 22 npoH3BOAHx 
Heo6xoAHMbiH pacqex no 3aAaHHOH nporpaMMe. 
HAes pacqexa Mowex cBOAHXbcn k Towy. mxo, 
HanpHNtep 1 MexoAOM HxepaunA nocjieAOBaTejib- 
ho nposep5iexcfl pHA npocxpaHcxBeHHbix nojio- 
^5 >KeHHH och roxoBOH AexajiH H H3 hhx bw6h- 
paexcfl xaKoe, Koxopoe cooxBexcxsyex mhhh- 
MajibHOH xpyAoeMKOCXH nocJieAyioiueii o6xoqKH; 
reoMexpwqecKHe napaMexpw 3Toro nojio>KeHHH 

(|)HKCHpylOXC^. npH 3TOM OCXaTOMHaH HepaBHO- 

MepHocxb pacnpeAeJieHHH npnnycKa xapaKxepH- 
50 3yexcH, HanpHMep, pa3HocxbK> MejKAy HaH- 
dojibiueH h HaHMeHbiiiefi JiHHeflHbiMH BejiaqHHa- 

MH HpHnyCKOB B HaHBblClUHX H HaHHH3UIHX 

xoqnax noBepxHocxH 3aroxoBKH. 

npHMeHHfl ynoMHHyxbie MeroAbi (HanjiaBKy, 
c S npasKy hjih OAHOBpeMeHHO o6a) mo>kho ao- 
6HTbcn yMeHbuieHHH ocxaxonHOH HepaBHOMep- 
hocth pacnpeAe^eHHfl npHnycna. KaK noKa3ano 
Ha 4)Hr. 6, 3a cqex HanJiaBKH MeTajiJia b xom- 
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Ke A k nocjie^yioiueft hoabh>kkh och toto- 
boh AeTajiw b HanpaejieHHH CTpeJioK B, mo>k- 
ho yweHbLDHTb HepaBHOMepaocTb pacnpeAeJie- 
hhh npnnycKa no AnaMeTpy D. Hjih mo>kho 
AoSHTbca Toro >tte pe3y/ibTaTa 3a c^eT npaBKH 5 
noKOpofijieHHoft 3aroTOBKH c Bbicmew tqhkoh H 

(4>HF. 7), 

no 3azi;aHHOH nporpaMMe MHKponpoueccop 
22 npoH3BOAHT pacMeT skohomhhcckoh uejieco- 

06pa3HOCTH HCnpaBJieHHH 3arOTOBKH. B03MO>K- 

Hbi ABa BapHaHTa nojiyneHHbix no 3TOMy pac- 
^eTy pe3yjibTaTOB, 

Ho nepaoMy BapwaHry MO>KeT oKa3aTbCB> 
uto 3arpaTbi Ha HcnpaBJieHHH 3aroroBKH He 
nepeKpbiBaioTcn BbiroAOH ot cHH^eHHR rpyjioeM- 

KOCTH 06T04KH, OOJiyHeHHOH QT yMeHbUieHHfl 15 

HepaBHOMepHOCTH pacTipeAejieHMH npHnycKa, 
t. e. HcnpaBJieHHe 3aroTOBKH skohommmcckh 
Heue.necoo6pa3Ho. 

B 3tom cjiyqae, npoAOJi>Kafl BTopofi 3xan 
pa6oTbi cTaHKa, MHKponpoueccop 22 peiuaeT 
3aA3My o6ochob3H mr ue./iecoo6pa3HocTH o6tom- 20 
kh LueeK noA JiioHeTbi (ajih nocjieayiomeft 
TOKapHOH o6pa6oTKH) Ha npejuiaraeMOM cTan- 
Ke. 3Aecb b ocHOBy pacweTa 3aKJiaAbiBaK>TCR 
c/ieAyK>iHHe coo6pa>KeHiiH, 

Kan H3BecTHO, o6TO^Ka uieeK Kpy n-Hbix saji- 2S 

KOB JlOA JIlOMeTbl npOH3BOAMTCR Ha TOKapHOM 

cxaHKe Ha HH3KHX pe>KHMax pe3auHR, mto o6yc- 

JTOBJieHO, B UaCTHOCTM, H3AHMHGM AHC6aJ13KCa 

waccb! 3aroTOBKH oTHOcHTe/ibHO och ee Bpatue- 

HHH. 

Mo>KeT 0Ka3aTbCH, hto npn h6iioabh>khoh 3Q 
3aroTOBKe, npeAJiaraeMbin oranoK GyAeT cnoco- 
6eH AonycTHTb 6oAee bwcokhc pe^HMb! 06- 
pa6oTKn lueeK, xoth wecTKocTb npeAJiaraeMo- 
ro CTaHKa npH npOHHx paBHbix ycnoBHflx 

HH>Ke >K6CTKOCTH TQKapHOFO CTaHKa, no 110- 

HRTHbiM RJin cneuwajiHCTa coo6pa>KeHHRM. B 35 
3tom cjiyMae h cefiecroHMOCTb o6pa6oTKH aieeK 
Momei 0Ka3aTbcfl hh>k6> MeM na TOKapHOM 
CTanne; TorAa MHKponpoueccop 22 paccMH- 
TbisaeT mhcjio Heo6xoAHMbix npoxoAOB> Apyrne 
napaivteTpbi pe>KHMQB pesaHHH, pa3Mepbi HHCTpy 
weHTajibHbix 6jiokob 29 h bwboaht Heo6xoAH- 4C 
Myio HH^opMauHio ua AHcnJiefi 24. 3thm 
saBepiuaeTCH BbinojiHeHHe BToporo 3Tana pa6o- 
Tbi craHKa j\Jin sapnaHTa c 3aroTOBkow, He 
TpeGyiomeM HcnpaBJieHHH (KcnpaajieHHe sko- 
HOMMuecKH Heuejiecoo6pa3Ho). 

' Ha TpeTbeM 3Tane paGoTbi MHKponpouec 
cop 22 paccMHTbisaeT npoTpaMMy noaneAyio- 
meH o6tomkh 3aroTOBKH Ha TOKap hom ctshkc 
c HHCJioBbiM nporpaMMHbiM ynpaBJieHHCM h bh- 
AaeT ee c noMOiubio nep4>opaTopa 32 
Ha jiio6om noAXOA^meM HocHTCJie, HanpHMep 5 
Ha nep(|)OJieHTe» h^h nepeAaeT no KanajiaM 
CBA3H na ueHTpajibHyio 3BM KOMRAeKca. 

OAHOBpeMeKHO BbmHCJlHK)TCH BeJIHtiHHbl KOOp- 

AHHarHbix nepeMeiueHHH ueHTpoBa/ibHbix 6a6oK 
2, cooTBeTCTByiomKe 0HKcnpoBaHHOMy paHee 
no/\o>KeHHio och roTOBOH AeTajiK b o6-beMe 5 
MaTepHa^a 3a totobkh. 

Aah pyMHoro ynpasjieHHfi 3tk AaHHbie MOryT 
6biTb BbiseAeHbi Ha AHcnjieft 24. A/ia bbto- 



MarH^ecKoro BOcnpoH3BeAenHR AaKHbie OTpafia- 
TbtsaiOTCR 6a6naMH 2 c noMOiubio 6«noKa 23 
ynpaBJieHHR; npoH3B0AHTCR aaueHTpoBKa 3aro- 
tobkh 5 pado^HMH WHCTpyMeHTBMH 3, nocjie He- 
ro 6a6KH 2 B03BpamaiOTcn b hcxoahoc no- 
yio>KeHHe, KorAa pa6oHHe HHCTpyMeHTbi 3 cob- 
Meiuenbi c ocbK) BpameHMfi O— O KOJibua 8. 
ZU-rtee peryjinpyiOTCfl onopw 4 Tan, MTOdbi 
ueHTpw 3aroTOBKH 5 coBMecTH^HCb ( BpyHKyio 
hjih aBTOMaTHqecKH noA ynpaBJieHHCM MKKpo- 
npoueccopa 22 h 6;iOKa 23 6e3 pacKpen- 
jieHH^ 6jiokob 6 KpenAeHHft) c ocbK) O — O spa- 
meHHH KOJibiia 8. Ha KOJibuo 8 ycraHaBJiH- 
BaioTCH HHCTpyMeHTa/ibHbie 6jiokh 29. KoJibuy 
8 npHAaeTCR r^aBHoe BpaiuaTe^bHoe ABH>KeHHe, 
cynnopry 7 — nocTynaTejit.Hoe ASHHteHHe no- 
AaMH t h ocymecTBJiReTCR o6pa6oTKa uieeK 

BOA JIIOHeTbt c pyHHblM HJIH aBTOMaTH4eC- 

khm ynpasjieHHeM no paiiee paccMHTaHHbiM 
(bo btopom 3Tane padoTbs) MHKponpouecco- 
poM 22 AaHHbiM, 3thm 3aBepuiaeTCH TperHfi — 
nocjieAHHH 3Tan pa6oTbi CTaHKa; 3aroTOBKa 5 
CHHMaeTCR h BMecTe c nporpaMMOH o6to^kh 
nepeAaeTCR na noc^eAyiomyfo o6pa6oTKy na to- 

KapHblH CT3H0K. 

OAHaKo npn pacMeTe skohommmcckoh ueAe- 
coo6pa3HOCTH HcnpasjieHHf 3arOTOBKH mojkct 
6biTb no/iyqen BTopoft sapnaHT pe3yjibT3Ta, 
KorAa 3aTpaTbi Ha HCTipaB.neHHe 3aroTOBKH 5 
6yAyT nepeKpbiBaTbCJ! BbiroAOH, noAynaeMofi 3a 
cneT coKpaiiieHHyi TpyAoev kocth oStohkh (b 
pe3yAbTaTe 6o^ee pasHOMepHoro pacnpeAeAe- 
hhr npHnycna). B stom c.iy^ae, a TaK^e bo 
scex cjiynaRx, KorAa 6e3 ncnpaBJieHHR 3aro- 
tobkh 5 Boo6me Hejib3R noAyMHTb roAHyio 
AeTajib H3-3a HeAOcTaxoMHoro npnnycKa b ot- 
AeAbHbix TOMKax hjih 6oAJ»uioro Kopo6jieHHH, 
Ha AHcnAen 24 bwboahtcr cooTseTCTByiomafl 

HH(|)OpMaUHH H Ha 3TOM 3aH aHMHBaeTCR BTOpOH 

3xan pa60Tbi cTBHKa. 

Ha TpeTbeM 3Tane pa6oTbi cTSHKa b stom 
cjiynae MHKponpoueccop 22 BbiHHCJineT Bejin- 
MHHbi Tpe6yeMbix HCnpaBJieHHH, bmboaht hx 
Ha AHcnjieft 24 h c noMombio 6aok3 23 
ynpaBJieHHR, nepeMeman cynnopT 7 c KO/ibuoM 
8, BKJiioMaH BpaiueHHe nocjieAHero t ocymecT- 
BjiaeT BH3yaJibHyto HHAHKau.HK) noA-neH<aLUHX ho 

npaBAeHHK) OCOfiblX (HaHHH3LUHX H HaHBblC- 

ujhx) tohck 3aroTOBKH 5, ocTaHaBJiKBafl jinn 
3Toro cynnopT 7 h Ko^buo 8 h onycnaH 
; 3AeMeHT 15 Ha noBepXHOCTb 3aroTOBKH 5; 

3TH TOMKH OTMCMHIOT BpyHHyiO. ABTOMaTHHCC- 

Kaa BH3yajibHafl HHAHKac^HR Tex >Ke TOMeK 
ocymecTBJineTCH nyTeM BKAioqeHHH qepe3 
6aok 23 KpacKonyAbTOB 30; KpacKa Mepe3 
con^a 31 HanbusaeTCR Ha noBepXHOCTb 3aro- 

TOBKH B Ka>KAOH H3 OC06b X TOHeK; npH 3TOM, 

ecAH necKOJibKo KpacKonyjibTOB 30 3apn>KeHbi 
KpacHTeAflMH pa3Hbix use' OB, pa3Hbie no xa- 
paKTepy TpeOyeMoro Hcnpa bji6hhh toukh OTMe- 

^aiOTCH pa3HbIMH HBeTaMH. 

5 flocJie HcnpaBJieHHR 3at otobkh pa6oTa ct3H- 
Ka c coAep^KaHHeM see:: Tpex 3TanoB no 
onncaHHOMy BapnaHTy, He TpedytomeMy hc- 
npaBAeHHR 3aroTOBKH, noETopHeTC«. 
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<PopM.yAa u3o6peTenun 



\. UeHTponajibHbift CT3H0K, npeAHa3HaMen- 

HblH AJIH 33UeHTpOBKH CB06OAHOKOBaHHb1X 3a- 

roxoBOK KpynHbix Ba/ios h BK^ioMaiomHH yc- 
TaHOB-neHHbie na ctshkhb peryjinpyeMbie onopbi 
h ueHTposaJibHbie 6a6KH c pa6oMMMH HHcxpy- 
MeHxaMH, OTAunafomuucH TeM, hxo, c uejibio 

paCLUHpeHWH TeXHOJlOrtmeCKHX B03MO>KHOCTeH, 

oh CHa6>KeH AOno.»HHxejibHbiM cynnopTOM, Ha 
kotopom ycTanoBJieno nosopoTHoe npHcnoco6- 
^eHHe c paaMemeHHbiM Ha HeM AaxMHKOM c 
MVBCTBHTejibHbiM 3JieM6HTOM, npeAHasiiaqeH- 

HblM A^IH B33HMOJieftCTBHa C 3arOTOBKOH H yc- 
T3HOBJieHHblM C BO3M0>KH0CTb!O BpaUieHH* BO- 

Kpyr aaroTOBKH h nepeMeiueHHfl BAOJib ee 
o6pa 3 yioiueH, npH stom nyBCTBHTejibHWH 3Jie- 
MeHT BbinoJiHeH b BHAe pbmara, CHa6>KeH- 
Horo npHBOXLOM ero nepeMemeHHH, npeAHaa- 
HaqeHHbiM AJifl noABO^a pbmara k saroTOBKe 
h oTBOAa k >KecTKOMy ynopy, ycTaHOBJieHHOMy 
H a noBopoTHOM npHcnoco6^eHHM, ueHTposajib- 
Hbie 6a£)KH h cynnopx BbinojiHCHbi c b03MQ>k- 



HOCTbfO KOOpAHHaTHblX nepeMeiUeHHH H CBH33- 
Hb1 C BBeAeHHOH B CT3 HOK CHCTCMOft MIlKpO- 

npoueccopHoro ynpaBJieHHfl. 

2 CxaHOK no n. I, oTAUHafOu^uucn tcm, 4to 
pbmar BbinoJiHeH coctofuuhm H3 AByx mapHup- 

HO COM^eHeHHblX HOATlpy >KHHeHHblX 4acjeH, c oa- 
HOH H3 KOTOpblX CKpeOJieH BBefleHHblfi B CTa- 

hok KOHeqHbifi BbiKJiK^aTejib co mynoM, koh- 

TaKTHpyiOlAHM C tlOBepXHOCTblO BTOpOK M3CTH 

pbmara. 

3 CraHOK no nn. I h 2, oTAUHato- 

tUUZCH TeM, UTO t C UejIblO aBTOMaTH3aUHK 

BHayajibHofi HHAHKauHH A ec}>eKTHbix tomck 3aro- 
tobkm Ha noBopoTHOM npHcnocodjieHHH pa3Me- 

lUeH B3aHMOCB*3aHHblH C CHCTeMOH MHKpOnpO- 

ueccopHoroynpaBJieHHfi no MeHbUieH Mepe oamh 
OTM emnK, BbinojiHeHHbW a BHAe ajieKTponpHBOA- 
Horo KpacKonyjibxa. 

4 CxaHOK no nn. I h 2, orAunatomuucH 
xeM mxo, c ue^bio coKpameHHH xpyjioeMKocxH 
nocjieAyramero o6TaMHBaHH« 3aroxoBKH, Ha 

20 noBopoxHOM npHcnoco6jieHHH ycxaHOBJieHbi Mep 
Hbie pe3U0Bbie Gjiokh. 
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